Fe-Al alloys are frequently used as base materials in high-temperature applications due to their good corrosion resistance which is based on a highly stable and protective Aloxide scale. [1] [2] [3] Due to the brittleness of the high Al alloys there is a need to reduce the Al concentration in the bulk without affecting the Al content at the surface. It is known that adding Cr improves the oxidation resistance of Fe-Al alloys. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] To achieve a better technical control to this basically unexplained boosting phenomenon a detailed understanding of its basic atomic mechanisms is indispensable.
In our previous investigations ambient conditions oxidation was used. Then, by successive sputtering and Auger electron spectroscopy (AES), it was possible to construct a time reversed picture of the oxidation. [17, 18] In the present work we address the direct observation of the first moments of the oxidation of Fe13Al and Fe10Cr10Al (at. % used in alloy formulas) by using x-ray photoelectron spectroscopy (XPS) and low oxygen pressure. By combining our previous AES and present XPS results, complementary in respect to time scales of oxidation, as well as our previous density functional study more detailed description of the oxidation of Fe-Al based alloys can be accomplished.
The alloys were made by induction melting under argon flow from elemental components of purity better than 99.99%. Plates of about 3 mm thick were cut from the ingots and then ground with SiC-paper down to 1000 grit. Final polishing was done with 1 µm diamond suspension. The bulk concentrations are shown in Table I . Measurements were done with a PHI 5400 spectrometer using twin anode Al Kα excitation. The pressure in the analyser chamber was 5 × 10 −10 Torr during the measurements.
The energy scale was calibrated with Ag 3d 5/2 (368.2 eV) and Cu 2p 3/2 (932.6 eV) lines.
Samples were cleaned by repeated cycles of sputtering with 3 keV Ar + ions and annealing at 700 o C. Sample heating was done by a resistive heater from the rear of the sample. Temperature was measured with a thermocouple in contact with the sample. Cleaning cycle was repeated until no contamination peaks were seen in the XPS spectra. Oxidation of the samples was carried out in a preparation chamber connected to the spectrometer. Oxygen pressure during oxidation was 1 × 10 −7 Torr up to 100 L and at higher doses 1 × 10 −6 Torr.
Atomic concentrations were calculated from the peak areas after Shirley-type background subtraction using sensitivity factors given by the manufacturer of the spectrometer.
To get more detailed information of the early stage of oxidation the experimental data was analyzed using parameterized models. Our model system ( Since we are interested in the very first moments of oxidation it is advantageous to parameterize the number of metal atoms in the model system to be proportional to their initial values
where θ is the oxygen dose, N X is the number of atoms of type X = Fe, Cr, Al, and k X are θ-dependent parameters. The FCR model corresponds to cases where the k X parameters are
whereas all other cases come with the VCR model.
The main features of the FCR and VCR models are visualized in Fig. 1 . The analysis is made by optimizing the k parameters to give the best fit to the experimental data. The
corresponding to the optimal k parameters are shown in Figs. 2-5 . The number of oxygen atoms N O in Eq. (2) is taken from the experiments. Contrary to Fe and Al, the Cr concentration ( 
The optimized VCR k parameters are shown in Table II 
where an exponential acceptance criterion for an atomic jump is adopted. 
